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Abstract 
Objective: Provide audiologists with strategies to minimize confounding cognitive and language 
processing variables and accurately diagnose central auditory processing disorder (CAPD).  
Design: Tutorial. 
Study Sample: None  
Results: Strategies are reviewed to minimize confounding cognitive and language processing 
variables and accurately diagnose CAPD. 
Conclusions: Differential diagnosis is exceedingly important and can be quite challenging. Dis-
tinguishing between two or more conditions presenting with similar symptoms or attributes re-
quires multidisciplinary, comprehensive assessment. To ensure appropriate interventions, the au-
diologist is a member of the multidisciplinary team responsible for determining whether there is 
an auditory component to other presenting deficits or whether one condition is responsible for 
the symptoms seen in another.  Choice of tests should be guided both by the symptoms of the 
affected individual, as established in an in depth interview and case history, the individual’s age 
and primary language, and by the specific deficits reported to be associated with specific clinical 
presentations. Knowing which tests are available, their strengths and limitations, the processes 
assessed, task and response requirements, and the areas of the central auditory nervous system 
(CANS) to which each test is most sensitive provides the audiologist with critical information to 
assist in the differential diagnostic process.    
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Central auditory processing disorder (CAPD) is a disorder of the central auditory nervous system 
(CANS) (i.e. beyond the level of the auditory nerve), which presents as deficits in the perceptual 
processing of auditory stimuli and in the underlying neurobiological activity that gives rise to the 
electrophysiological auditory potentials. The predominant deficits characterizing CAPD manifest 
in the auditory modality (AAA, 2010). Functional deficits associated with CAPD include: diffi-
culty understanding spoken language in competing message or noise backgrounds, in reverberant 
acoustic environments, or when rapidly presented; difficulty localizing the source of an auditory 
signal; misunderstanding messages; responding inconsistently or inappropriately; frequently re-
questing repetitions; difficulty with subtle intonation and prosodic cues; difficulty with similar 
sounding words; difficulty following complex auditory directions/commands; difficulty “hear-
ing” on the phone; difficulty learning songs, nursery rhymes; poor musical and singing skills 
and/or appreciation of music; difficulty learning foreign language or novel speech materials, es-
pecially technical language; listening difficulties; and academic difficulties (e.g.,  reading, 
spelling, and /or learning problems (Musiek & Chermak, 2014). Clearly, many of these behav-
ioral deficits also are seen in individuals diagnosed with other disorders, including peripheral 
hearing loss, language disorders, and cognitive disorders. However, these functional deficits ob-
served in individuals with CAPD derive from bottom-up (i.e., sensory, data-driven) processing 
deficits, although they bidirectionally interact with language and cognitive deficits. Auditory dis-
crimination difficulties and difficulties processing rapid spectrotemporal acoustic changes may 
lead to poor speech sound representation, which has been linked to poor reading and spelling 
skills, as well as to difficulties in phonological awareness skills (Bellis, 2002; Kraus et al, 1996; 
Tierney & Kraus, 2013; Power et al, 2013). Poor speech perception gives rise to “fuzzy” or “un 
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derspecified” lexical and phonological representations and to weak verbal short term memory 
(Studdert-Kennedy, 2002).  
     CAPD frequently is diagnosed in children and adults presenting other comorbid or primary 
diagnoses, including peripheral hearing loss (Khavarghazalani et al, 2016), confirmed CANS 
deficits (e.g., multiple sclerosis- Musiek et al, 2005; Musiek & Weihing, 2011), traumatic brain 
injury (Saunders et al, 2015; Gallun et al, 2012), cerebrovascular accidents (e.g., Stroke-Koohi et 
al, 2016), psychiatric conditions (e.g., schizophrenia- Iliadou & Iakovides, 2003; Iliadou et al, 
2013; Ramage et al, 2015;), cognitive deficits (e.g., Alzheimer’s disease- Quaranta et al, 2015; 
Griffiths et al, 2012), and developmental disorders (e.g., attention deficit hyperactivity disorder 
[ADHD], dyslexia, language disorder).  Sharma et al (2009) reported comorbidity of CAPD, lan-
guage impairment, and reading disorders in 47% of a sample of school-age children (7-12 years) 
diagnosed with CAPD. Iliadou et al (2009) reported CAPD co-morbid with developmental dys-
lexia in 25% of cases. Atypical N1-P2 (i.e., flatter slopes) to tones, vowels, and CVs was seen in 
38% of 6-12 year-old children with specific language impairment or specific reading disability 
(McArthur et al, 2009). Subcortical differentiation of stop consonants (speech auditory brainstem 
response) correlated with phonological awareness, reading, and speech-in- noise perception in 
children 8-13 years (Banai et al, 2009). It should be noted that the fundamental relationships among 
auditory processing, language, and cognitive measures may differ in typical compared to non-typically 
developing populations (e.g., Grube, Cooper, Kumar, Kelly, & Griffiths, 2014), and as a function of age 
as well (e.g., Besser, Festen, Goverts, Kramer, & Pichora-Fuller, 2015). 
     The co-morbidity of CAPD with neurodevelopmental disorders, as well as with acquired cen-
tral nervous system conditions (e.g., traumatic brain injury, cerebral vascular accidents, etc.)  
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can be most easily explained on the basis of brain organization and function. Our current under-
standing suggests that perceptual, language, and cognitive functions rely on extensive networks 
of shared neurophysiologic and vascular substrate. Networks are nonmodular, temporally cou-
pled, interfacing, polymodal or multisensory, overlapping, interconnected, and synchronized 
(Buschman & Miller, 2007; Musiek et al, 2005; Price et al, 2005; Willott, 1991). The brain is 
organized in terms of multipurpose representations that different regions support. A given brain 
region can be useful for many different functions– e.g., regions within the brain’s putative per-
ceptual system also play a role in (attention) and memory (Lopez-Aranda et al, 2009). For exam-
ple, proper functionality of the posterior temporal gyrus is found to be critical for both short-term 
memory and language (Leff et al, 2009; Acheson et al, 2011). To distinguish between two or 
more conditions presenting with similar symptoms or attributes requires multidisciplinary, com-
prehensive assessment. To ensure that the most appropriate interventions are employed, the au-
diologist is a member of the multidisciplinary team responsible for determining whether there is 
an auditory component to other presenting deficits or whether one condition is responsible for 
the symptoms seen in another. 
     Differential diagnosis is exceedingly important and can be quite challenging. To further illus-
trate this challenge consider the potential sources of speech understanding deficits in noise, 
which can result from peripheral (cochlear) auditory issues, central auditory issues, cognitive is-
sues (including working memory deficits, attention deficits), language issues, and age (i.e., 
younger children and older adults experience greater difficulty understanding speech in noise). 
Among individuals with CAPD, auditory processing deficits may vary in different cohorts of af-
fected individuals. Choice of tests should be guided by the symptoms of the affected individual,  
6 
Chermak Minimize Confounds CAPD Diagnosis 
as established by an in- depth interview and case history, the individual’s age and primary lan-
guage, and by the specific deficits reported to be associated with specific clinical presentations 
(e.g. Cumming, Wilson, & Goswamil, 2015; Goll, Crutch, Loo, Rohrer, Frost et al, 2010). In se-
lecting tests, the audiologist must recognize that one symptom (e.g., understanding speech in 
noise) can result from many underlying central auditory processing deficits (e.g., temporal pro-
cessing, localization, spatial release from masking, performance with competing/degraded audi-
tory signals), as well as language processing or cognitive issues. The audiologist should select a 
battery of tests that assess the multiple central auditory processes potentially implicated in a pa-
tient’s presenting complaints. Speech-in-noise or competition and dichotic listening tests would 
be obvious first line tests to examine difficulties hearing in noise. Similarly, compressed speech 
(a type of monaural low-redundancy measure) would be helpful to examine complaints of diffi-
culty following rapid speech. The masking level difference (MLD), the Listening in Spatialized 
Noise-Sentences Test (LiSN-S) (Cameron & Dillon, 2007; Cameron et al, 2009), and localiza-
tion tasks would be useful to examine difficulties localizing sound and spatial processing diffi-
culties. Frequency pattern and duration pattern tests (Musiek, 1994), as well as the complex audi-
tory brainstem response (cABR) may provide insights regarding music appreciation difficulties. 
We discuss below tests and strategies to examine central auditory processing to minimize the in-
fluence of cognition and language. When cognitive or language processing deficits are suspected 
or confirmed, the audiologist should consider the use of auditory evoked potentials rather than 
behavioral auditory tests, interpreted within the context of multidisciplinary evaluations. Know-
ing which tests are available, their strengths and limitations, the processes assessed, task and re-
sponse requirements, and the areas of the CANS to which each test is most sensitive provides the  
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audiologist with critical information to assist in the differential diagnostic process. A summary of 
recommended tests and their strengths and weaknesses is provided in Table 1.  The remainder of 
this brief tutorial provides strategies to minimize confounding cognitive and language processing 
variables and accurately differentially diagnose CAPD. The audiologist and other members of 
the multidisciplinary team must determine whether a central auditory processing deficit (e.g., 
temporal resolution deficit) is adversely impacting attention, whether a more global attention 
deficit (e.g., faulty temporal synchronization of attention) is impeding central auditory pro-
cessing, or both issues are impacting the patient’s processing of acoustic signals. Similarly, the 
audiologist in cooperation with the speech-language pathologist and psychologist must determine 
whether reported listening difficulties result from an auditory problem, a language processing 
disorder, a cognitive deficit (e.g., attention, executive function, or working memory), or some 
combination of these deficits.  While there is some disagreement between professional associa-
tions in the United States and European associations (e.g., the British Society of Audiology 
[BSA, 2011]) as to the standard test battery to be used to diagnose CAPD, the two major sets of 
guidelines published by the American Speech-Language-Hearing Association (ASHA) and the 
American Academy of Audiology (AAA) present consistent positions and recommendations 
(i.e., AAA, 2010; ASHA, 2005). Notwithstanding the potential interactions among auditory, lin-
guistic, and cognitive factors, it is our position, as well as that of professional associations in the 
United States  that listening difficulties seen in CAPD result primarily from auditory perceptual 
deficiencies rather than from global attention deficits or behavioral regulation deficits (AAA, 
2010). This was underscored recently by Gyldenkaerne et al (2014) who reported a weak correla-
tion between auditory processing and cognitive tests, concluding that poor auditory processing  
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certainly is not the mere reflection of attention deficits. Similarly, Weihing et al (2015) conclud-
ed that central auditory tests are not likely governed by cognition given the results of their factor 
analysis in which central auditory tests loaded on separate factors, suggesting a unique variance 
associated with each test. Indeed, a number of studies have examined the relationship between 
CAPD and cognitive function; however, the studies use different auditory and cognitive test bat-
teries, and some studies rely on auditory tests with no documented sensitivity to CAPD. Some 
studies conclude that cognitive disorders and CAPD exist independently (e.g., Tillery, Katz, & 
Keller, 2000; Sharma, Purdy, & Kelly,  2009; Rosen, Cohen, & Vanniasegaram, 2010), while 
others suggest that CAPD is itself a cognitive disorder (e.g., Moore, Ferguson, Edmondson-
Jones, Ratib, & Riley, 2010; Ferguson, Hall, Riley, & Moore, 2011). The reader is referred to 
Tomlin, Dillon, Sharma and Rance (2015) and Weihing et al (2015) for reviews of studies exam-
ining the interaction between cognition and central auditory processing.  
Controlling Extraneous Variables and Test Selection 
In general, confounds can be minimized by controlling extraneous variables. The audiologist 
must select central auditory tests that are appropriate to the patient’s age, education, linguistic 
background, and cognitive ability. One should consider task requirements, including the modali-
ties used, and the task’s language and cognitive demands. The patient’s cultural and linguistic 
backgrounds also are important as these factors can affect response time and accuracy of verbal 
responses (Pimentel & Inglebret, 2014). For example, individuals from some cultural back-
grounds may pause for an extended period before responding to a stimulus item (Wallace, Ingle-
bret, & Friedlander, 1997). (Not surprisingly, the strategies and approaches reviewed here may 
be useful as well when testing non-native English speakers.) Selecting central auditory tests that  
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are less influenced by peripheral hearing loss (e.g., frequency patterns, duration patterns) and 
considering the influence of medications (e.g., central nervous system stimulants or depressants) 
is important as well. Peripheral auditory function should be evaluated thoroughly prior to the 
central auditory evaluation (Iliadou et al, 2015). Perhaps the single most important step in suc-
cessful audiologic assessment of the child with diagnosed and medically-managed ADHD is to 
ensure that the child received an effective dose of medication immediately before the test ses-
sion, since for children with diagnosed ADHD who are treated medically, valid audiologic as-
sessment is difficult without medication (Chermak et al, 1999). It is not uncommon, however, to 
see children diagnosed with ADHD who are not taking prescribed medication who nonetheless 
still perform within normal limits on central auditory processing tests, thereby confirming the 
absence of comorbid CAPD.  
Behavioral tests using nonverbal or simple speech stimuli (e.g., frequency or duration 
patterns, gaps-in-noise, dichotic digits), as well as tests that minimize memory load, and employ 
a simple response mode (e.g., gap detection, masking level difference) reduce the influence of 
language and cognitive factors. The linguistic load of instructions also should be minimized to 
ensure the patient understands the task requirements. One might question why speech stimuli are 
used at all, given the potential confound with language. With few exceptions (e.g., Pediatric 
Speech Intelligibility Test [Jerger & Jerger, 1984]), most central auditory tests are not appropri-
ate for use with children under seven years of age due to the extremely challenging nature of the 
tests and the large performance variability seen among children younger than seven years, de-
spite normal auditory processing function. Young (7-9 years old) patients may attend less to non-
speech tasks, which are more abstract than speech tasks, which would inject a confound of  
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inattention for non-speech stimuli. Moreover, speech and language signals provide access to dif-
ferent CANS processing mechanisms than do non-speech/language stimuli (Grossman et al, 
2010). Speech stimuli have greater ecological validity given the degree of temporal processing 
required for accurate perception of spoken language, which is significantly greater than required 
for perception of non-speech sounds (Fitch et al, 1997; Griffiths et al, 1999; Shannon et al, 1995; 
Zatorre & Belin, 2001). Finally, processing of speech signals may be more vulnerable to CANS 
dysfunction and central auditory deficits may only be revealed with speech tasks (e.g., Benavidez 
et al, 1999; Johnson et al, 2005; Russo et al, 2005). The reader is referred to the American Acad-
emy of Audiology Clinical Practice Guidelines (2010) for an overview, and to Musiek & 
Chermak (2014) for a more expanded description of the central auditory tests mentioned in this 
tutorial.    
Test Design, Intra-Test Comparisons, Psychometric Functions, and Performance Interpretatio 
Intra-subject comparisons (e.g., interaural differences), which control in part for non-auditory 
factors, also maximize the potential to assess auditory function by holding contributions from 
cognitive or language systems constant between ears.  Designing tests that rely on tasks that dif-
fer in the demands placed on central auditory processing skills, but differ minimally in the de-
mands they place on cognitive abilities are more likely to produce performance more reflective 
of auditory function. The LiSN-S (Cameron & Dillon, 2007; Cameron et al, 2009) employs this 
strategy by measuring the ability of the auditory system to take advantage of the spatial separa-
tion of the target (simple sentences) and competing sounds (children’s stories).Other intra-test 
comparisons (e.g., performance-intensity functions in which one varies presentation levels or re-
sponse mode (e.g., humming v. labeling in the Frequency Pattern Test [FPT] and Duration  
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Pattern Test [DPT]) also offer insights (Musiek, Baran, & Pinheiro, 1990; Musiek & Pinheiro, 
1987). If a patient can perform at some intensity level or can hum, but not label, the audiologist 
knows that the subject understands the directions and the task. Assessing performance in non-
manipulated conditions (e.g., monaural versus dichotic, non-filtered versus filtered, etc.) ensures 
that performance deficits seen on central auditory tests are due to the acoustic manipulations ra-
ther than to lack of familiarity with the language and/or significantly reduced memory skills. The 
use of electrophysiological measures also assists the audiologist in sorting out potential con-
founds.  For example, the P300 is absent with lesions in auditory (temporal-parietal junction) ar-
eas (Knight et al, 1989), while damage to lateral parietal cortex or prefrontal cortex does not in-
terfere with P300 generation. Similarly, Kileny et al (1987) demonstrated the effects of temporal 
lobe, but not frontal lobe lesions, on the middle latency response (MLR). 
     The influence of cognition on central auditory test performance is rather minimal. Correla-
tions between central auditory tasks and attention are weak, accounting for minimal shared vari-
ance, which indicates that CAPD does not merely reflect attention deficits (Weihing et al, 2015). 
For some central auditory tests, no significant correlations are seen with attention, indicating that 
attention may play no significant role in some central auditory test outcomes (Gyldenkaerne et 
al, 2014; Shinn et al, 2005). Nonetheless, in addition to following the approaches recommended  
above (i.e., ensuring that the patient understands the directions and the task, minimizing lan-
guage load, and using a simple response mode) there are several other strategies that will mini-
mize the cognitive demands of the task and thereby lessen the potential for cognitive confounds, 
allowing a more singular focus on auditory capacities.   
 
12 
Chermak Minimize Confounds CAPD Diagnosis 
     Before administering a central auditory test, the audiologist should ensure that the task does 
not exceed the patient’s working memory capacity. For example, one should confirm that the pa-
tient’s digit span exceeds the threshold level of four in a noncompeting condition (i.e., non-
manipulated condition) prior to presenting the stimuli in the dichotic, competing condition.  This 
provides at least one within-patient control for possible confounding effects of cognition on cen-
tral auditory test performance and assists in ensuring that any observed dichotic deficit is due 
more to the auditory processing of the dichotic competition rather than to generalized memory 
problems. In addition, as noted above, designing tests (e.g., LiSN-S) that rely on tasks that differ 
in the demands placed on central auditory processing skills, but differ minimally in the demands 
placed on cognitive abilities should produce performance more reflective of auditory function.   
Dichotic testing offers an interesting opportunity to differentiate cognitive from auditory 
effects. Specifically, the directed report (DR) or divided-attention condition in which the patient 
repeats stimuli in one or both ears in a specified order correlates most closely with cognitive 
function, as this condition requires the listener to recruit additional cognitive (e.g., attention, 
memory) mechanisms to accurately perform the task. The free report (FR) condition in which the 
patient repeats stimuli directed to both ears, usually in any order, is less susceptible to cognitive 
confound, even though the paradigm may require the listener to report a greater number of stimu-
li (Cowell & Hugdahl, 2000; Hallgren et al, 2001; see Hugdahl et al, 2009 for review). While the 
role of cognition might not be directly extrapolated across dichotic tasks using different stimuli 
(e.g., Shinn et al., 2005), performance decrements in the FR condition are more likely to be a 
consequence of true auditory perceptual asymmetries than are performance decrements in the DR 
condition. Nonetheless, the laterality indexes for the DR of dichotic digits and (non-rhyme)  
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words follow a similar developmental trajectory (Moncrieff, 2011), and similar to what is ob-
served for CVs (Hugdahl et al., 2009), directing attention to one ear strongly modulates the later-
ality index for digits and this modulation is cognitive dependent (Bouma & Gootjes, 2011). 
These findings support our assertion that for a given dichotic task, the DR mode depends more 
on cognitive resources that the FR condition. It should also be noted that the DR condition in-
volves an additional degree of auditory complexity in that it requires lateralization of the stimuli. 
This suggests that while DR is more cognitively dependent than FR, DR requires transfer of 
sounds across the corpus callosum and therefore still provides an index of sensory demands 
(Rauschecker & Tian, 2000). Because the two report conditions tap into different underlying au-
ditory processes (i.e., binaural integration v. binaural separation), and cognitive factors confound 
to different degrees, the use of both FR and DR conditions for the same stimuli, may, when ad-
ministered and interpreted appropriately, provide useful insight into the specific auditory pro-
cesses (i.e., binaural integration v. binaural separation) that are impacted by a given central audi-
tory disorder.  Jerger and Martin (2006) argued that using divided and directed attention dichotic 
listening procedures incorporating the same test stimuli may be helpful in sorting out the relative 
contributions of cognitive and auditory specific factors influencing interaural asymmetry, sug-
gesting that auditory-specific deficits should lead to poor dichotic performance under both modes 
of administration (Martin et al., 2007).  
 
Language and Cognitive Screening 
In addition to peripheral hearing testing prior to central auditory testing, it is helpful for the audi-
ologist to have some sense of the language and cognitive function of patients seen for central  
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auditory evaluation. Patients should be at least screened, if not more fully assessed in the multi-
disciplinary evaluation of patients referred for CAPD. For children, such screens might include 
the Clinical Evaluation of Language Fundamentals, 5th edition (CELF-5) (Wiig, Semel, & 
Secord, 2013), the  auditory backward and forward digit span subtest for working memory 
(Wechsler, 2014),  auditory vigilance (attention) (e.g., Integrated Visual and Auditory Continu-
ous Performance Test (IVA-CPT) (Sandford & Turner 2009), and nonverbal intelligence (e.g., 
Test of Nonverbal Intelligence (4th edition) TONI-4 (Brown, Sherbenou, & Johnsen, 2010). 
These screening tests must be administered by the member of the multidisciplinary team in 
whose scope of practice such testing falls.). For adults, cognitive screening measures include: the 
Montreal Cognitive Assessment (MoCA) (Nasreddine et al, 2005); Mini-Mental State Exam 
(MMSE) (Folstein et al, 1975), and the 6- CIT (Cognitive Impairment Test) Kinghill Version 
(Brooke & Bullock, 1999). Results of any of these cognitive screens should be interpreted with 
caution when CAPD or hearing loss is suspected as their results may be showing deficits that 
may be at least partly explained by these auditory disorders (Bush et al, 2015; Lin, 2011). This 
potential confound underscores the importance of collaborating with the physician or  
psychologist that is administering the cognitive tests to ensure that the environment in which 
these cognitive tests are administered is as optimal acoustically as possible.  
 
Use of Questionnaires 
Questionnaires do not predict risk for CAPD and present only weak to moderate correlations 
with only certain central auditory measures in children (Wilson et al, 2011). Questionnaires may 
be used to highlight concerns about a child, identify additional areas that require assessment, or  
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supplement the diagnostic process, but not to determine whether a diagnostic central auditory 
processing assessment is warranted, nor do questionnaires differentially diagnose disorders  
(Tomlin et al, 2015; Iliadou & Bamiou, 2012). Questionnaires lack sensitivity for a number of 
reasons that include: 1) lack of relevant range of items; 2) qualitatively similar symptoms of dif-
ficulty could result from many underlying causes besides CAPD; and 3) respondents’ estimates 
of severity may be imprecise, and/or they might not be able to reliably gauge severity, and/or re-
sponses may be influenced by other factors, including respondents’ interpretation of the question 
or their desire for a diagnosis (Tomlin et al, 2015). However, adult studies in both neurological 
(e.g., Bamiou et al, 2012) and non-neurological CAPD populations (Bamiou et al, 2015) show 
stronger correlations between self-reported listening difficulties and central auditory processing 
tests than those reported in pediatric studies. More recently developed questionnaires (e.g., Eval-
uation of Children’s Listening and Processing Skills [ECLiPS]) may ultimately prove to be of 
greater utility in the diagnostic process (Barry, Tomlin, Moore, & Dillon, 2015), pending addi-
tional research with a large number of children diagnosed with CAPD, rather than only referred 
for central auditory evaluation or suspected of CAPD, but not ultimately diagnosed with CAPD.  
Use of Multimodal Analog Measures 
Some have suggested the need for multimodal analog tests to differentially diagnose CAPD. Re-
search has demonstrated, however, that the addition of visual tasks offers little to augment differ-
ential diagnosis (Bellis et al, 2011). The reader is referred to several key publications for in-
depth discussion of the limited contributions of multimodal tests for the differential diagnosis of 
CAPD, as well as the difficulties in designing such tests  (Bellis et al, 2011;  Chermak, 2013; 
Chermak & Bellis, 2014; Dillon et al,  2014; Moore & Ferguson, 2014; Musiek et al, 2005). 
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Summary and Conclusions 
The purpose of this brief tutorial was to provide audiologists with strategies to minimize con-
founding cognitive and language processing variables and accurately differentially diagnose 
CAPD. We suggest that audiologists select central auditory tests that are appropriate to the pa-
tient’s age, education, linguistic and cultural background, and cognitive ability and select central 
auditory tests with low language and cognitive demands. Prior to central auditory testing, we 
recommend that other professionals be engaged to assess an individual’s basic cognitive function 
and language skills (the latter being particularly important with children). In addition to selecting 
tests with minimal cognitive and linguistic demands, we suggest intra-subject (e.g., inter-aural) 
and intra-test (e.g., hum v. label) comparisons to further minimize confounds.  Proper test selec-
tion and use of the strategies recommended here will help the audiologist and other members of 
the multidisciplinary team determine the source(s) of listening difficulties and other functional 
deficits. The audiologist in cooperation with the speech-language pathologist and psychologist 
must determine whether reported listening difficulties result from an auditory problem, a lan-
guage processing disorder, a cognitive deficit (e.g., attention, executive function, or working 
memory), or some combination of these deficits. The strategies and approaches reviewed here 
are useful to minimize confounds; however, they are not intended as a substitute for appropriate-
ly normed tests with documented sensitivity, validity, and reliability with such populations. 
When behavioral audiometric findings remain incomplete, inconclusive, or invalid despite the 
implementation of the approaches recommended in this tutorial, the audiologist may rely more 
on electrophysiological techniques, as well as findings provided by other multidisciplinary team  
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members to determine the relative contributions of  cognition, language processing, and auditory 
processing to educational, workplace, and everyday functional listening demands, and develop 
intervention plans. The reader is referred to Chermak (2013) and Chermak and Bellis (2014) for 
detailed discussions of differential diagnosis of CAPD and attention deficit hyperactivity disor-
der.  
  
18 
Chermak Minimize Confounds CAPD Diagnosis 
 
References 
 
Acheson, D.J., Hamidi, M., Binder, J.R., Postle, B.R. 2011. A common neural substrate for lan-
guage production and verbal working memory. J Cognitive Neurosci, 23(6), 1358-1367.  
American Academy of Audiology. Clinical Practice Guidelines for the Diagnosis, Treatment, 
and Management of Children and Adults with Central Auditory Processing Disorder.  
Available at: http://www.audiology.org/publications-resources/document-library/central-
auditory-processing-disorder. 
American Speech-Language-Hearing Association. 2005. (Central) auditory processing disorders.  
Available at http://www.asha.org/policy/PS2005-00114.htm accessed February 2017 
Bamiou, D-E., Iliadou, V., Zanchetta, S., Spyridakou, C. 2015. What can we learn about auditory 
processing from adult hearing questionnaires? J Am Acad Audiol, 26 (10), 824-837. 
Bamiou, D.E., Werring, D., Cox, K., Stevens, J., Musiek, F.E., Brown, M., & Luxon, L.  2012. 
Patient-reported auditory functions after stroke of the central auditory pathway. Stroke, 43, 1285-
1289. 
Banai, K., Hornickel, J., Skoe, E., Nicol, T., Zecker, S., Kraus, N. 2009. Reading and subcortical 
auditory function. Cereb Cortex, 19(11), 2699-2707. 
Barry, J.G., Tomlin, D., Moore, D.R., Dillon, H. (2015). Use of questionnaire-based measures in 
the assessment of listening difficulties in school-aged children. Ear Hear, 36(6), e300-e313. 
Bellis, T.J. 2002. Considerations in Diagnosing Auditory Processing Disorders in School-Aged 
Children. SIG 16 Perspectives on School-Based Issues, 3(3), 3-9. 
Bellis, T.J. (ed.) 2011. Assessment and management of central auditory processing disorders in 
the educational setting: From science to practice. Plural Publishing. 
19 
Chermak Minimize Confounds CAPD Diagnosis 
Bellis, T.J., Billiet, C.R., Ross, J. 2011. The utility of visual analogs of central auditory tests in 
the differential diagnosis of (central) auditory processing disorder and attention deficit hyperac-
tivity disorder. J Am Acad Audiol, 22(8), 501-514. 
Benavidez, D.A., Fletcher, J.M., Hannay, H.J., Bland, S.T., Caudle, S.E. et al. 1999. Corpus cal-
losum damage and interhemispheric transfer of information following closed head injury in chil-
dren. Cortex, 35(3), 315-336. 
Besser, J., Festen, J.M., Goverts, S.T., Kramer, S. E., Pichora-Fuller, M.K. 2015. Speech-in-
speech listening on the LiSN-S test by older adults with good audiograms depends on cognition 
and hearing acuity at high frequencies. Ear Hear, 36(1), 24-41.  
Bouma, A., Gootjes, L. 2011. Effects of attention on dichotic listening in elderly and patients 
with dementia of the Alzheimer type. Brain Cogn, 76(2), 286-293.  
British Society of Audiology. 2011. Position statement: Auditory processing disorder (APD). 
Retrieved from http://www.thebsa.org.uk/  accessed November 2016. 
Brooke, P., Bullock, R. 1999. Validation of the 6 Item Cognitive Impairment Test. Int J Geriatr 
Psychiatry, 14, 936-940. 
Brown, L., Sherbenou, R., Johnsen ,K. 2010. Test of Non-Verbal Intelligence, 4th ed. Austin, 
TX: Pro-Ed. 
Buschman, T.J., Miller, E.K. 2007. Top-down versus bottom-up control of attention in the pre-
frontal and posterior parietal cortices. Science, 315(5820), 1860-1862. 
Bush, A.L.H., Lister, J.J., Lin, F.R., Betz, J., Edwards, J.D. 2015. Peripheral hearing and cogni-
tion: evidence from the Staying Keen in Later Life (SKILL) Study. Ear Hear, 36(4), 395-407. 
 
20 
Chermak Minimize Confounds CAPD Diagnosis 
Cameron S., Brown D., Keith R., Martin J., Watson C. et al. 2009. Development of the North 
American Listening in Spatialized Noise‐Sentences Test (NA LiSN-S): Sentence Equivalence, 
Normative Data, and Test‐Retest Reliability Studies. J Am Acad Audiol, 20, 128-146. 
Cameron S. Dillon H. 2007. Development of the Listening in Spatialized Noise-Sentences Test 
(LISN-S). Ear Hear, 28, 196-211. 
Cameron, S., Glyde, H., Dillon, H. 2012. Efficacy of the LiSN & Learn auditory training soft-
ware: randomized blinded controlled study. Audiol Res, 2(1). 
Chermak, G.D. 2013. Differential diagnosis of central auditory processing disorder and attention 
deficit hyperactivity disorder. ENT Audiol News, 22(5), 100-102. 
Chermak, G.D., Bellis, T.J. 2014. Differential diagnosis of central auditory processing disorder 
and attention deficit hyperactivity disorder. In F.E. Musiek & G.D. Chermak (Eds.), Handbook  
of central auditory processing disorder: Vol. 1. Auditory neuroscience and diagnosis (2nd ed.). 
San Diego: Plural Publishing, pp. 557-590. 
Chermak, G.D., Hall, J.W., Musiek, F.E. 1999. Differential diagnosis and management of central 
auditory processing disorder and attention deficit hyperactivity disorder. J Am Acad Audiol, 
10(6), 289-303. 
Cowell, P., Hugdahl, K. 2000. Individual differences in neurobehavioral measures of laterality 
and interhemispheric function as measured by dichotic listening. Dev Neuropsychol, 18(1), 95-
112. 
Cumming, R., Wilson, A., Goswami, U. 2015. Basic auditory processing and sensitivity to pro-
sodic structure in children with specific language impairments: a new look at a perceptual hy-
pothesis. Front Psychol, 6, 972. 
21 
Chermak Minimize Confounds CAPD Diagnosis 
Dillon, H., Cameron, S., Tomlin, D., Glyde, H. 2014. Comments on "factors influencing tests of 
auditory processing: a perspective on current issues and relevant concerns" by Tony Cacace and 
Dennis McFarland. J Am Acad Audiol, 25 (7), 699-703. 
Ferguson, M., Hall, R.., Riley, A., Moore, D.R. 2011. Communication, listening, cognitive and 
speech perception skills in children with auditory processing disorder (APD) or specific language 
impairment (SLI). Journal of Speech, Language and Hearing Research, 54(1), 211-227. 
Fitch, R.H., Miller, S., Tallal, P. 1997. Neurobiology of speech perception. Annu Rev Neuro-
sci, 20(1), 331-353. 
Folstein, M.F., Folstein, S.E., McHugh, P.R. 1975. “Mini-mental state”: a practical method for 
grading the cognitive state of patients for the clinician. J Psychiatr Res, 12(3), 189-198. 
Gallun, F.J., Lewis, M.S., Folmer, R.L., Diedesch, A.C., Kubli, L.R. et al. 2012. Implications of 
blast exposure for central auditory function: A review. J Rehabil Res Dev, 49(7), 1059-1074. 
Goll, J.C., Crutch, S.J., Loo, J.H., Rohrer, J.D., Frost, C. et al. 2010. Non-verbal sound pro-
cessing in the primary progressive aphasias. Brain, 133(1), 272-285. 
Griffiths, T.D. 1999. Human complex sound analysis. Clin Sci, 96(3), 231-234. 
Griffiths, T.D., Bamiou, D.E., Warren, J.D. 2012. Disorders of the auditory brain. In Palmer A. 
& Rees A. (Eds) The Oxford Handbook of Auditory Science: The Auditory Brain. Oxford Uni-
versity Press. doi:10.1093/oxfordhb/9780199233281.013.0020. 
Grossmann, T., Oberecker, R., Koch, S.P., Friederici, A.D. 2010.  The developmental origins of 
voice processing in the human brain.  Neuron, 65, 852-858. 
Grube, M., Cooper, F.E., Kumar, S., Kelly, T., Griffiths, T.D. 2014. Exploring the role of audito-
ry analysis in atypical compared to typical language development. Hear Res, 308, 129-140.  
22 
Chermak Minimize Confounds CAPD Diagnosis 
Gyldenkaerne, P., Dillon, H., Sharma, M., Purdy, S.C. 2014. Attend to this: The relationship be-
tween auditory processing disorders and attention deficits. J Am Acad Audiol, 25, 676-687. 
Hällgren, M., Larsby, B., Lyxell, B., Arlinger, S. 2001. Cognitive effects in dichotic speech test-
ing in elderly persons. Ear Hear, 22(2), 120-129. 
Hugdahl, K., Westerhausen, R., Alho, K., Medvedev, S., Laine, M. et al. 2009. Attention and 
cognitive control: unfolding the dichotic listening story. Scand J Psychol, 50(1), 11-22. 
Iliadou, V.V., Apalla, K., Kaprinis, S., Nimatoudis, I., Kaprinis, G. et al. 2013. Is central audito-
ry processing disorder present in psychosis? Am J Audiol, 22(2), 201-208. 
Iliadou, V., Bamiou, D.E. 2012. Psychometric evaluation of children with auditory processing 
disorder (APD): Comparison with normal-hearing and clinical non-APD groups. J Speech Lang 
Hear Res, 55(3), 791-799. 
Iliadou, V., Bamiou, D.E., Kaprinis, S., Kandylis, D., Kaprinis, G. 2009. Auditory processing 
disorders in children suspected of learning disabilities—A need for screening? Int J Pediatr Oto-
rhinolaryngol, 73(7), 1029-1034. 
Iliadou, V., Chermak, G.D., Bamiou, D.E. 2015. Differential diagnosis of speech sound disorder 
(phonological disorder): Audiological assessment beyond the pure-tone audiogram. J Am Acad 
Audiol, 26(4), 423-435. 
Iliadou, V., Iakovides, S. 2003. Contribution of psychoacoustics and neuroaudiology in revealing 
correlation of mental disorders with central auditory processing disorders. Ann Gen Hosp Psy-
chiatry, 2(1), 5.  
Jerger, S., & Jerger, J. 1984. Pediatric Speech Intelligibility Test: Manual for administration. St. 
Louis, MO: Auditec.  
23 
Chermak Minimize Confounds CAPD Diagnosis 
Jerger J., Martin, J. 2006. Dichotic listening tests in the assessment of auditory processing disor-
ders. Audiol Med, 4, 25–34. 
Martin, J., Jerger, J., & Mehta, J. 2007. Divided-attention and directed-attention listening modes 
in children with dichotic deficits: An event-related potential study. J Am Acad Audiol, 18, 34–53. 
Johnson, K.L., Nicol, T.G., Kraus, N. 2005. Brain stem response to speech: a biological marker 
of auditory processing. Ear Hear, 26(5), 424-434. 
Khavarghazalani, B., Farahani, F., Emadi, M., Hosseni Dastgerdi, Z. 2016. Auditory processing 
abilities in children with chronic otitis media with effusion. Acta Otolaryngol, 136(5), 456-459. 
Chermak Minimize Confounds CAPD Diagnosis 
Kileny, P., Paccioretti, D., Wilson, A.F. 1987. Effects of cortical lesions on middle-latency audi-
tory evoked responses (MLR). Electroencephalogr Clin Neurophysiol, 66(2), 108-120. 
Knight, R.T., Scabini, D., Woods, D.L., Clayworth, C.C. 1989. Contributions of temporal-
parietal junction to the human auditory P3. Brain Res, 502(1), 109-116. 
Koenigs, M., Acheson, D.J., Barbey, A. K., Solomon, J., Postle, B.R., et al. 2011. Areas of left 
perisylvian cortex mediate auditory-verbal short-term memory. Neuropsychologia, 49(13), 3612-
3619. 
Koohi, N., Vickers, D., Chandrashekar, H., Tsang, B., Werring, D., et al. 2016. Auditory rehabil-
itation after stroke: Treatment of auditory processing disorders in stroke patients with personal 
frequency-modulated (FM) systems. Disabil Rehabil, 1-8. 
Kraus, N., McGee, T.J., Carrell, T.D., Zecker, S.G., Nicol, T.G., et al. 1996. Auditory neuro-
physiologic responses and discrimination deficits in children with learning prob-
lems. Science, 273(5277), 971-973. 
24 
Chermak Minimize Confounds CAPD Diagnosis 
Leff, A.P., Schofield, T.M., Crinion, J.T., Seghier, M.L., Grogan, A. et al. 2009. The left superi-
or temporal gyrus is a shared substrate for auditory short-term memory and speech comprehen-
sion: Evidence from 210 patients with stroke. Brain, 132(12), 3401-3410.  
Lin, F. R. 2011. Hearing loss and cognition among older adults in the United States. J Gerontol 
A Biol Sci Med Sci, 66(10), 1131-1136. 
López-Aranda, M.F., López-Téllez, J.F., Navarro-Lobato, I., Masmudi-Martín, M., Gutiérrez, A. 
et al. 2009. Role of layer 6 of V2 visual cortex in object-recognition 
memory. Science, 325(5936), 87-89. 
Martin, J., Jerger, J., & Mehta, J. 2007. Divided-attention and directed-attention listening modes 
in children with dichotic deficits: An event-related potential study. J Am Acad Audiol, 18, 34–53. 
McArthur, G., Atkinson, C., Ellis, D. 2009. Atypical brain responses to sounds in children with 
specific language and reading impairments. Dev Sci, 12(5), 768-783. 
Moncrieff, D.W. 2011. Dichotic listening in children: age-related changes in direction and mag-
nitude of ear advantage. Brain Cogn, 76(2), 316-322. 
Moore, D., Ferguson, M. 2014. It is neither necessary nor desirable to test for abnormalities in 
other modalities when diagnosing auditory processing disorder (APD). J Am Acad Audiol, 25(7), 
697-698.  
Moore, D., Ferguson, M., Edmondson-Jones, A., Ratib, S., Riley, A. 2010. Nature of auditory 
processing disorder in children. Pediatrics, 126(2), E382-90. 
Musiek, F. 1994. Frequency (pitch) and duration pattern tests. J Am Acad Audiol, 5, 265-286. 
Musiek, F.E., Baran, J.A., Bellis, T.J., Chermak, G.D., Hall, J.W. et al. 2010. Diagnosis, treat-
ment and management of children and adults with central auditory processing disorder. Ameri 
25 
Chermak Minimize Confounds CAPD Diagnosis 
can Academy of Audiology Clinical Practice Guidelines. Available at : http://audiology-
web.s3.amazonaws.com/migrated/CAPD%20Guidelines%208-
2010.pdf_539952af956c79.73897613.pdf 
Musiek, F.E., Baran, J.A., Pinheiro, M.L.  1990. Duration pattern recognition in normal subjects 
and patients with cerebral and cochlear lesions. Audiology, 29, 304-313. 
Musiek, F.E., Bellis, T.J., Chermak, G.D. 2005. Nonmodularity of the central auditory nervous 
system: Implications for (central) auditory processing disorder. Am J Audiol, 14(2), 128-138. 
Musiek, F.E., Chermak, G.D. 2014. Handbook of Central Auditory Processing Disorder Volume 
1: Auditory Neuroscience and Diagnosis, 2nd ed. San Diego: Plural Publishing. 
Musiek, F.E., Pinheiro, M. 1987. Frequency patterns in cochlear, brainstem and cerebral lesions. 
Audiology, 26, 78-79. 
Musiek, F.E., Weihing, J. 2011. Perspectives on dichotic listening and the corpus callosum. 
Brain Cogn, 76(2), 225-232. 
Nasreddine, Z.S., Phillips, N.A., Bédirian, V., Charbonneau, S., Whitehead, V. et al. 2005. The 
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J 
Am Geriatr Soc, 53(4), 695-699. 
Pimentel, J., Inglebret, E. 2014. Evidence-based practice and treatment efficacy. In Chermak, 
G.D., & Musiek, F.E. (Eds.), Handbook of central auditory processing disorder, Volume 2: 
Comprehensive intervention (2nd ed.). San Diego, CA: Plural Publishing, pp.39-64. 
Power, A.J., Mead, N., Barnes, L., Goswami, U. 2013. Neural entrainment to rhythmic speech in 
children with developmental dyslexia. Front Hum Neurosci, 7(777), 1-19.  
 
26 
Chermak Minimize Confounds CAPD Diagnosis 
Price, C., Thierry, G., Griffiths, T. 2005. Speech-specific auditory processing: where is 
it? Trends Cogn Sci, 9(6), 271-276. 
Quaranta, N., Coppola, F., Casulli, M., Barulli, O., Lanza, F. et al. 2015. The prevalence of pe-
ripheral and central hearing impairment and its relation to cognition in older adults. Audiol Neu-
rotol, 19, 10-14. 
Ramage, E., Weintraub, D.M., Vogel, S.J., Sutton, G.P., Ringdahl, E.N. et al. 2015. Preliminary 
evidence for reduced auditory lateral suppression in schizophrenia. Schizophr Res, 162(1-3), 
269-275.  
Rauschecker, J.P., Tian, B. 2000. Mechanisms and streams for processing of "what" and "where" 
in auditory cortex. Proc Natl Acad Sci USA, 97(22), 11800-118006. 
Rosen, S., Cohen, M., Vanniasegaram, I. 2010. Auditory and cognitive abilities of children sus-
pected of auditory processing disorder (APD). International Journal of Pediatric Otorhinolaryn-
gology, 74(6), 594-600. 
Russo, N.M., Nicol, T.G., Zecker, S.G., Hayes, E.A., Kraus, N. 2005. Auditory training im-
proves neural timing in the human brainstem. Behav Brain Res, 156(1), 95-103. 
Sandford J., Turner A. 2009. Integrated Visual and Auditory Continuous Performance Test In-
terpretation Manual. Richmond, VA: BrainTrain. 
Saunders, G.H., Frederick, M.T., Arnold, M., Silverman, S., Chisolm, T.H. et al. 2015. Auditory 
difficulties in blast-exposed veterans with clinically normal hearing. J Rehabil Res Dev, 52(3), 
343-360. 
Semel E., Wiig E., Secord W. 2003. Clinical Evaluation of Language Fundamentals, 4th Edition 
(CELF-4).  San Antonio, TX: The Psychological Corporation. 
27 
Chermak Minimize Confounds CAPD Diagnosis 
Shannon, R.V., Zeng, F.G., Kamath, V., Wygonski, J., Ekelid, M. 1995. Speech recognition with 
primarily temporal cues. Science, 270(5234), 303-304. 
Sharma, M., Purdy, S.C., Kelly, A.S. 2009. Comorbidity of auditory processing, language, and 
reading disorders. J Speech Lang Hear Res, 52(3), 706-722. 
Shinn, J., Baran, J., Moncrieff, D., Musiek, F.  2005. Differential Attention Effects on Dichotic 
Listening, J Am Acad Audiol, 16, 205-218. 
Studdert-Kennedy, M. 2002. Deficits in phoneme awareness do not arise from failures in rapid 
auditory processing. Read Writ, 15(1-2), 5-14. 
Tierney, A., Kraus, N. 2013. Music training for the development of reading skills. Changing 
brains: Applying brain plasticity to advance and recover human ability. Prog Brain Res, 207, 
209-241. 
Tillery, K.M., Katz, J., Keller, W.D.  .2000. Effects of methylphenidate (Ritalin) on auditory per-
formance in children with attention and auditory processing disorders.  Journal of Speech, Lan-
guage, and Hearing Research, 43, 893-901. 
Tomlin, D., Dillon, H., Sharma, M., Rance, G. 2015. The impact of auditory processing and cog-
nitive abilities in children. Ear Hear, 36(5), 527-542. 
Wallace, G., Inglebret, E., Friedlander, R. 1997. American Indians: Culture, communication, and 
clinical considerations. In G.I. Wallace (Ed.), Multicultural neurogenics: A resource for speech-
language pathologists (pp. 193-225). Tucson, AZ: Communication Skill Builders. 
Wechsler, D. (2014). The Wechsler Intelligence Scale for Children (WISC) (5th ed.). Blooming-
ton, MN: Pearson.  
 
28 
Chermak Minimize Confounds CAPD Diagnosis 
Weihing, J., Chermak, G.D., Musiek, F.E. 2015. Auditory training for central auditory pro-
cessing disorder. Semin Hear, 36(4), 199-215. Thieme Medical Publishers. 
Weihing, J., Guenette, L., Chermak, G.D., Brown, M., Ceruti, J. et al. 2015. Characteristics of 
pediatric performance on a test battery commonly used in the diagnosis of central auditory pro-
cessing disorder (CAPD). J Am Acad Audiol, 26, 652-669. 
Wiig, E., Semel, E., Secord, W. 2013. Clinical Evaluation of Language Fundamentals (CELF-5). 
Bloomington, MN: NCS Pearson. 
Willott, J.F. 1991. Aging and the auditory system: Anatomy, physiology and psychophysics. 
Whurr Pub Ltd. 
Wilson, W. J., Jackson, A., Pender, A., Rose, C., Wilson, J. et al.  2011. The CHAPS, SIFTER, 
and TAPS–R as Predictors of (C) AP Skills and (C) APD. J Speech Lang Hear Res, 54(1), 278-
291. 
Zatorre, R.J., Belin, P. 2001. Spectral and temporal processing in human auditory cortex. Cereb 
Cortex, 11(10), 946-953. 
